Can BESIII help distinguish between
a four quark state, a molecule,
a glueball or agg meson ?
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NOTE ON SCALAR MESONS

Revised January 2008 by S. Spanier (University of Tennessee),
N.A. Tornqvist (University of Helsinki), and C. Amsler (Uni-
versity of Zurich).
I. Introduction:

The scalar mesons are especially important to understand
because they have the same quantum numbers as the vacuum
(JPC = 0" "). Therefore they can condense into the vacuum
and break a symmetry like a global chiral U(Ny) x U(Ny). The
details of how this symmetry breaking is implemented in Nature

is one of the most profound problems in particle physics.

The identification of scalar mesons is a long-standing puzzle.
Scalar resonances are difficult to resolve ...
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Scalar mesons
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Scalar multiplet
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diquarks: color tetraquark
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Scalar meson multiplets

G | aqaq

0wl
- 9]
A S
o

ol
>
Q
o
~~
=
o

a,/f,

)
(9]
]|
>

0l
>
ol
>
A
o
A

]|
-]
5l
-]
>
Q

n=u,d Jaffe
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glueball spectrum
In a world without quarks

0 0 UKQCD 1568 + 89
PC GF11 o J 174071

J MP 1630 = 100
GF11 (reanal) 1648 = 58
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Scalar multiplet
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Scalar mesons

fo

fo

Ko

a,/f,
sshn ao /Ty
snnn Ko

]|
-]
ol
-]
S+
Q

]
Qo L









Molecule v Quark State



Molecule v Quark State

what Is the deuteron?



Molecule v Quark State

what Is the deuteron?

Weinberg | 2 three or 1 six quark bag ?



Can experiment distinguish between
a four quark state, a molecule,
a glueball or a gqg meson ?




Vector meson poles in complex plane
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Vector meson poles in complex plane
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Scalar meson poles in complex plane
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Scalar meson poles in complex plane

- l

/171"




Quark state v Molecule

ooooo



Quark state v Molecule

ooooo



Jost function: 1 pole v 2 pole | |

015 F || : |
+ 095
+ 0.96
0.1 | - 0.97
- 0.98
0.05 |- N
KTK —._o0.99
Im k; (GeV) —,Sx‘ 1.00 1.011.02
0 Je N k.
o 1
-0.05 | KOIZO
-0.1
015 F IV 11
kz plane -0|.1 -0.|05 0 0.|05 0|.1
(KK ¢.m. momentum) Re k, (GeV)




Jost function: 1 pole v 2 pole | |

015 F || E | -
+ 095
+ 0.96
0.1 F =~ 0.97 =
. - 0.98
K K 0.05 |- ® ]
g A 0.99
j W CXD k. (GeV) -,Sx‘ 1.00 1.011.02
0 Je N k.
n S
-0.05 | y
01 | -
015 F IV - A
kZ plane -0.1 -0.05 0 0.|05 0|.1
= Weinberg
(KK ¢c.m. momentum) Re k, (GeV) Morgan




Jost function: 1 pole v 2 pole | |

015 | || £ 0.05 I 7
+ 0.96
a 0.1 F =~ 0.97 =
- 0.98
O
0.05 |- .
g 0.99
Im k, (GeV) -,Sx‘ 1.00 1.011.02
0 Je N k.
qq9
-0.05 |- ]
E @
° 0.1 | -
015 F IV - A
kZ plane -0.1 -0.05 0 0.|05 0|.1
= Weinberg
(KK ¢c.m. momentum) Re k, (GeV) Morgan




Jost function: 1 pole v 2 pole | |
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Jost function: 1 pole v 2 pole | |
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Heavy flavor decays

D, — (MM) = decay
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Jost function: 1 pole v 2 pole | |
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Scalar mesons
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Universality of final state interactions
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BESIII
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Scalar multiplet shifting of masses
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Scalar meson multiplets
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Can BESIII help distinguish between
a four quark state, a molecule,
a glueball or a gg meson ?




Can BESIII help distinguish between
a four quark state, a molecule,

a glueball or a qq meson ?
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EXTRACTING PHYSICS FROM %

PRECISION EXPERIMENTS:
Techniques ofAmleAnal' is

COLLEGE OF WILLIAM & MARY
WILLIAMSBURG, VIRGINIA, USA

Wednesday, May 30", 2012
through Wednesday, June 13", 2012

To prepare for the analysis of precision experiments at BESIII,
COMPASS, LHCb, JLAB@12 GeV, and PANDA@FAIR, Thomas
Jefferson National Accelerator Facility (JLab) is organizing a
two week advanced course covering Techniques of Amplitude

. ! Analysis, aimed at postdoctoral researchers
and advanced doctoral students in
nuclear and particle physics
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